In the past decade, nonlinear signals (second-and third-harmonic generation, SHG and THG) from nanomaterials and artificially structured materials, namely metamaterials or metasurfaces, have attracted extensive attention for their wavelength tunability, coherence and ultrafast response [1] [2] [3] [4] [5] [6] , which shows promising applications in nanoprobing 1 
, imaging
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and crystalline detection [4] [5] [6] . In particular, the wavefront engineering and controlling of generated nonlinear signals is the most challenging key to realizing integrated, ultra-thin and efficient nonlinear optical devices, ranging from nonlinear beam steering 7, 8 , nonlinear metalenses
9-11
, nonlinear holography 12, 13 , optical image encoding 14 , and generation of nonlinear optical vortex beam [15] [16] [17] . Up to now, there have been several pioneering works on nonlinear phase control based on plasmonic metasurfaces, most of which focus on SHG manipulation 9, [13] [14] [15] [16] [17] [18] [19] [20] . However, their weak second-order effective susceptibility, ( ) , due to the inherently weak nonlinear response stemming from structural symmetry breaking at the surface
15, 21
of plasmonic materials, poses an intrinsic challenge for wider applications. Although SHG can be boosted by orders of magnitude to the level of ~pm/V under resonance conditions, the samples may be easily damaged in the presence of accumulated heat due to the strong absorption. Alternatively, nonlinear hybrid metasurfaces, such as Au/multiple quantum well (MQW), have been proposed instead of traditional plasmonic metasurfaces [22] [23] [24] . Previous works report 2~3 orders of magnitude of enhancement following this route [25] [26] [27] [28] . Nevertheless, bulky configurations with demanding fabrication requirements make it difficult to design ultrathin and compact multifunctional nonlinear metasurfaces, letting alone the wavefront control of the SHG signals.
On the other hand, emerging 2D materials, such as transition-metal dichalcogenides (TMDC) monolayers, have been revealed with their excellent electronic and optoelectronic properties [29] [30] [31] [32] . Of particular interest is the giant nonlinearity of monolayer TMDCs (for example, the chemical composition is AB2, A=Mo, W, Ta, Nb and B=S, Se, Te). Their broken centrosymmetry enables a second-order susceptibility ( ) around 1~100 nm/V
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, which is much higher than that of many plasmonic metasurfaces (See section 3 in SI for details) and even comparable to the record values reported in Au/MQW hybrid metasurface (~54 nm/V)
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. However, the atomic thickness of monolayer TMDCs has inherently weak light-matter interactions, and the limited grain size of high-quality TMDC monolayers (usually about tens of micrometers) almost excludes the opportunity of imparting varying amplitude, polarization, phase, and even angular momentum by classical optical light sources such as spatial light modulators due to the pixel size restriction. Paradigm-shift mechanisms should be explored to boost, manipulate and control the SH photons of atomically thin materials, simultaneously.
The nature provides the hint. It is well known that epoxy is a type of strong glue made from two resins and individually neither can make the glue sticky. While putting those two resins together, a strong and powerful adhesive is obtained because a chemical bond is produced as the inset of Fig. 1a shows. Inspired by the epoxy, we experimentally report a recipe for fully controlling SH photons via the proposed integrated nonlinear optical interfaces. As a proof-of-concept validation, Fig. 1a illustrates a schematic of bonding WS2 monolayer with linear plasmonic Au nanosieve, which behaves as a hybrid nonlinear optical interface for multifunctional SHG manipulation. In this hybrid, SHG is in principle forbidden in Au nanosieves made of centrosymmetric rectangular nanoholes, but the whole integrated optical interface offers highly efficient SHG emission, whose properties may be precisely controlled by hundred-nanometer pixel-level resolution. SHG, originated from the monolayer WS2, can be enhanced by strong local-field within each Au nanoholes, and simultaneously the geometric phase determined by individual Au nanoholes could be locally engineered and imparted to the WS2 monolayer on top of the Au nanosieve. The experiment result indicates that a large effective SHG susceptibility of ~25 nm/V is achieved, which is 3-order of magnitude larger than that of conventional plasmonic metasurfaces. Multifunctional nonlinear optical devices have been demonstrated in a series of free-space transmissive nonlinear optical interfaces for orbit angular momentum (OAM) generation, beam steering, versatile polarization control and holograms and as shown in Fig. 1a . This strategy could readily lead to the realization of a vast plethora of designer functions. We firmly believe that the work reported here may provide a distinct platform, i.e., TMDCmetasurface nonlinear optical interfaces, to realize robust nonlinear applications (e. g. high-order harmonic generation, HHG) with high efficiency, ultra-compactness and flexible fabrication. spectrum from a monolayer WS2 under an excitation at 810 nm with a peak wavelength at ~620 nm. which can be described as,
where x is the x-coordinates of nanoholes, λ is the wavelength of SHG, α is the deflection angle, n is the topological charge, and is the azimuth angle in circular coordinate system. Here, the deflection angle is = 10° and the geometric topological charge is = 1. Note that the area indicated by square is in accordance with the SEM image in Fig. 2b . In Fig. 2d , it reports the measured spatial Both beams have an opposite CP with the same value of deflection angle, = 10°, which is consistent with the design. Importantly, the topological charge is determined to be ±1 by interference pattern between 0 th order and ±1 st order beams (the details for the interference patterns is described in Figure   S4 in SI). Note that both ±2 nd order SHG beams present a thinner doughnut-shaped pattern with a much weaker intensity than the ±1 th order SHG beams, whose topological charge is ±2 in theory.
The deflection angle is measured to be around 20°, which is twice the one of the ±1 In what follows, we further elaborate how this strategy could be implemented to realize multifunctional nonlinear optical devices. In the inset of Fig. 3a , it shows the phase distribution of the SH signals of a new sample, analog to a typical photonic spin-Hall metasurface with a geometric phase gradient (∇φ) along x-axis.
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Fig (Fig. 3b) , which is approximately twice of the design angle of 5°. However, it cannot be observed in Fig. 3c and 3d, which may be ascribed to a low diffraction efficiency at large defection angle and the limited detection efficiency in experiment (see Fig. S5 and S6 in SI). (Fig. 4b) . The phase plane can be generated by iterative method (further details are available in the Fig. S7 in SI) . The theoretical images calculated by Fresnel-Kirchhoff's diffraction formula and the measured experimental images are shown in Fig. 4c and 4d , respectively. The intensity distributions of the measured images match with the theory very well. 
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